The sulphur oxides released to the atmosphere come almost entirely from human activities , especially coal burning, though small amounts come from burning of fuel oil and smelting of sulphide ores. More are produced in the atmosphere by the oxidation of hydrogen sulphide . This contributes up to 57% of the total production of all sulphur oxides . The prime source of atmospheric hydrogen sulphide is the decay of organic matter . Industrial activities and volcanic activity make small contribution . The main oxidant involved may well be ozone (Duffus 1980) . Sulphur dioxide is a common air pollutant in areas surrounding coal-fired power plants (Nordenson et al. 1980 ) and may be used as an indicator of general air pollution levels from these plants (Dzik and Cember 1985) .
Studies have confirmed the statistical relation between SO2 levels and mortality (Glasser and Greenburg 1917 and Buechley et al . 1973) ; bronchitis (French et al. 1973) ; asthma (Shy et al. 1972 ) and other respiratory diseases (Chapman et al. 1973) . In several cases , the level of other pollutants was measured as well, and SO2 was found to give the best correlation with disease (Shapiro 1977) . Hickey and his co-workers (1970, 1974) found that , SO2 (and NO2) levels in the atmosphere, were positively correlated significant predictors for mortality rates due to stomach and breast cancer and heart disease. The results were ascribed, in part, to somatic mutations produced by the pollutants acting as environmental mutagens (Shapiro 1977) .
Sulphur dioxide affects plant cells, thus treated leaf cells showed severe plasmolysis with distructed ribosome and cytoplasm (Matsushima et al. 1975) and led also to a considerable shrinkage of the cell nuclei in the apical meristem (Stoeckli et al. 1975) .
Only fragmentary work has been conducted concerning the cytogenetic effect of SO2 on the plant. A weak mutagenic effect, uncharacterized as to type, has been observed in Trades cantia exposed to 50ppm of SO2 for 6h. Somatic mutations in growing stamen hairs were used as the assay. In germinating pollen tube cultures of the same plant, enhanced chromatid aberration levels and inhibitions of mitotic activity, tube growth and pollen germination were produced by gaseous concentrations as low as 0.075 to 0.1ppm (Shapiro 1977) .
In the present study, the cytogenetic effect of fumigation of Vicia faba plants with different concentrations of SO2 (5-250ppm) for five hours and 5 ppm SO2 for different periods of time has been investigated in the pollen mother cells. The effect on tetrads and pollen grains was also studied.
Materials and methods
Well selected seeds of Vicia faba (V. Giza 2) were used in the present study. The seeds were sterilized, then soaked for a period of 24 hours in tap water before sowing (10 seeds/pot). Two weeks later, the plants were thinned to 6 plants/pot. The plants were sown on November, the normal season for growing Vicia faba in Egypt, and maintained under normal field con ditions. 1. Vicia faba plants were fumigated for a period of 5 hours with different concentrations of SO2 (5-250ppm). 2. Vicia faba plants were fumigated with 5ppm SO2 (5 hours/day) for different successive days (1, 2 and 4 days). Control plants were put in jars under the same circumstances.
Three pots (6 plants/each) were used for each treatment.
The treated plants were 40 days old at the time of gathering of the flower buds, which were gathered 24 hours after the last treatment, fixed immediately in acetic-alcohol (1-3) , and ex amined using the aceto-carmine smear method . Abnormalities were counted in the 1st and 2nd meta -, ana and telophases , tetrads and pollen grains. Stainability of the pollen grains in a solution of glycerol-acetocarmine mixture was used as the index for determining the viability of pollen grains (Sharma and Sharma 1980) . Pollen mother cells (PMCs) and pollen grains (PGs) of six plants were investigated for each treatment.
The number of the investigated PMCs/treatment was 3630 -5710 , with a maximum of 200 PMCs/each meiotic stage of each plant . Four hundred tetrads and 1000PGs were investigated/plant. sion I after repeated fumigation with 5ppm SO2 (Table 2) . Stickiness of the chromosomes was observed in the different meiotic stages. It was the dominating abnormality in metaphase I stage (Fig. 3) and resulted in sticky bridges in the anaphase stages (Figs. 4, 7) . The percentage of PMCs with bridges increased as the concentra tion or time of fumigation with SO, was decreased (Tables 3, 4) .
Fragments (Fig. 7) were observed in a considerable percentage (Tables 3, 4) in the different meiotic stages. Bridges with fragments (Fig. 5) were more frequent after treatments with the lower concentrations of the gas (Table 3) and fumigation for few hours (Table 4) . Despiralization of the chromosomes, where the chromosomes failed to coil and contract (Fig. 6) , was observed in a considerable percentage mostly in metaphase II after treatments with 50 and 100ppm (Table 3) .
Lagging chromosomes in the different meiotic stages (Fig. 7) and disturbance of the chro mosomes (where the chromosomes spread irregularly in the cell, Fig. 5 ) were observed in a considerable percentage (Tables 3, 4) .
Multipolarity was observed in the anaphase I and II (Fig. 7) and telophase I and II (Fig . 8)  stages (Tables 3, 4) .
Fumigation of the plants for a period of 5 hrs with 150ppm of the gas produced a con siderable percentage of tetraploid PMCs. Most of them were tetraploid anaphase I suffering different grades of disturbance (Table 3) . Table 4 .
Cytomixis, where intercellular migration of the chromatin material from a PMC to the neighbouring one occured, was also met with ( Fig. 9 and Table 3) .
It is worthy to mention that PMCs with more than one type of abnormalities (Fig. 7) were frequently observed (Tables 3, 4) in the different meiotic stages after fumigation with SO2.
Tetrads
Low was the percentage of abnormal tetrads relative to those of abnormal PMCs. However, its percentage was in proportion with the concentration of the gas (Table 1) and the period of fumigation (Table 2) . More than tetragroup of cells (pentads, hexads, Fig. 10 , and heptads) was the domi nant type of abnormalities observed in this stage. Diploid dyads (Fig. 11) were ob served after fumigation with the higher concentrations.
Pollen grains
Nonviable and small (Fig. 12 ) pollen grains were the dominating types of abnor mal PGs observed. The percentage of non viable PGs was highly significant (Tables  1, 2 ).
Discussion
The highly significant percentage of anbormal PM Cs/Vicia faba plant after fumigation with 5ppm SO2 for a period of 5hrs indicates that the concentration 5 ppm can be toxic and hazardous at the cellular levels. Moreover, the linear increase in the percentage of abnormal PMCs/plant by increasing the days of fumigation is an indi cation that the effect of the gas is cummula tive at the cellular level.
Figs. 10-12. A group of 6 cells (hexad, Fig. 10 ) and diploid dyad (Fig. 11) in the tetrad stage, and small pollen grain (Fig. 12) , after fumigation of Vicia faba plants with, 5ppm (Fig. 10) , 25ppm ( Fig. 12) and 50ppm (Fig. 11) SO2 for a period of 5 hours.
Figs. 3-9. 3-6, sticky metaphase I (Fig.  3 ) and anaphase I with sticky bridges (Fig.  4) Dead PMCs were observed in the flower buds of some plants fumigated with 150 ppm SO2. Thus, a dose about 100ppm can be considered as the most tolerable dose for 5 hrs fumigation of Vicia faba plants with SO2. Jagiello et al. (1975) , in their in vivo and in vitro studies on the effect of SO , and its metabolite on mammalian egg chromosomes . They demonstrated fragmentation and anaphase lagging and pointed out that clumping and fuzziness would lead to cell death , but fragmentation observed could lead to transmissible disorders . In this connection it may be mentioned that the types of abnormalities induced by SO2 in PMCs of Vicia faba simulate those induced by the gases: HF in the microsporocytes of maize (Mohamed 1970) and ozone in the microsporocytes of Vicia faba (Rajeshwari and Harney 1977) .
The presence of more than four spores in the quartet stage may result from multipolar telo phase II. A statistically significant percentage of nonviable pollen grains (PGs) in addition to the small and deformed PGs was observed. The occurrence of such PGs may affect the fertili zation and seed formation. Matsuoka et al. (1971) studied the effects of SO2 on fertilization of pears and found that a very slight exposure to SO2 which did not affect the bearing of fruits can affect the fertilization and seed formation.
SO2 caused also the formation of unfertilized rice, resulting in the reduction of the number of ears and the number of seeds per plant (Tani yama 1976).
Taking chromosome fragmentation as the criterion for mutagenic potential, it was found that: 1. Statistical analysis showed that the lower concentration (5 ppm) treatment affected a highly significant percentage of PMCs with fragments/plant, even after fumigation for only a period of 5hours. 2. The percentage of PMCs with fragments increased progressively with the increase of the gas concentration (Fig. 13 ) and the period of fumigation (Fig. 14) .
Summary
The cytogenetic effect of fumigation of Vicia faba plants, with different concentrations of SO2 (5-150ppm) for five hours and 5ppm SO2 for one, two and four successive days, has been investigated in the, PMCs, tetrads and PGs.
Fumigation with 5ppm SO2 for a period of 5hrs affected the induction of a highly signifi cant percentage of abnormal PMCs/plant. Such effect increased proportionally as the con centration of the gas or the time of fumigation of the plants with SO2 was increased.
Sulphur dioxide was effective in inducing abnormalities in the different meiotic stages, but the highest percentage of abnormalities was observed in the anaphase stages.
The common types of irregularities observed in the PMCs were: stickiness, lagging and disturbance of the chromosomes, sticky bridges, fragments, bridges with fragments and mul tipolar ana-and telophases. PMCs with more than one type of abnormalities were frequenctly observed. More than four spores were the dominant type of abnormalities observed in the quartet stage. A statistically significant percentage of nonviable PGs was observed in addi tion to the small and deformed PGs.
Taking chromosome fragmentation as the criterion for mutgenic potential, SO, has been found to be mutagenic, even after 5ppm fumigation for a period of 5hrs.
